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Abstract 




PROBLEM TO BE SOLVED: To provide a semiconductor laser device which enables high-power and 
stable single horizontal mode lasing. 

SOLUTION: The semiconductor laser device comprises an Al-free multiple quantum well active layer 
105 and a p-AIO.5 GaO.5 As upper second clad layer 109 of the ridge stripe geometry formed on a p- 
GaAs etching stop layer 108, both of which are formed on an n-GaAs substrate 101. Since the upper 
second clad layer 109 has a shape widening toward the active layer 105, the light density in the side 
faces of the ridge is relatively small at the high-power light emission and thereby the deterioration due 
to the light density of the upper second land layer 109 can be prevented. Consequently, a 
semiconductor laser device enabling single horizontal mode lasing which is suitable as a light source 
for an optical disc device can be obtained. 
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tiXX/p-Mif^^mi 1 3co±iB!l:^®S:S-5 idlcp 
-=^-Vyrill 14SrJ^fiSLT. SI «0«3tSr?t.S.. S 
Jiffip-=¥^ yrai 14±Mi:. S«10 1T 

k. "^#P®<7)iS®)^B£<^XSS:^-C. ^^S:^*«8 0 

0 M mffim»^a^ u >y im^m^\^-^m.ifi^t,ti 
[0038] ^mmm<r>^mw\^—ii'mmi>t. a i y 
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im<7)^mii:iy—¥i^-ci±. ±.tm2^f3'7 kjs 1 o 

CioT, ±ie±SPIIt2:?5-yHJIl 0 9t5j:Vmi« 

m^'oy^mi 1 i<^-fbs-igjetTv>s. ^usichie 

Srfi=-? JtiSm. fl^^;^*'' 780nm-C140 m WlJLh 
[00 393 ±fS±Se^2 ^' 9 -y YMiiiir/m&y^ -v 

[0040] if. 'J -y i^:^ h'^^zmiMcr>^m^u~ 

^mm<>zis\,\xii. V •7i^S6^m^-t&mz^^^^ii^:k 

-fV^A 1 5::^<#i5:V>Ga AsJt-yf-V^Xh y^'® 

SI 1 lcOfi£;^fc#®j&<i»;»t=^rSJ:3tcLTV^S. 

9 0 0 n ni5f^iS<?)%ffiafci^tfOl— -rtcfcC^T 

AlcOiffl^*«0. 4 5$-i@^SAlGaAs$-ffl 

V^TiSe^^-y FWtrJ^^-T'i.Ot:'. ±E U y i^'S5J^J5£ 
coric y >y i/'gPiBlffl-C'A 1 crimtnj)^^ L^-rv>. L;t 

iieu-yi'ssfflmtca, a 1 c^jK-ftfcieHt-s 
i^'SP^ m^-ri. 7 ^ •/ Hii^mgrLro <y ^mt/^. 

[ 0 O 4 1 3 06 U y i^'apcrw^icitjc-^safc*?)^)- 

^f5Sr^L/i^iia-C*)S. EI6 (a) {4. U-yv'gPl 0 
WfflS®*^S1t® 1 5 ^clSj-^TiK* s0«S:^-r.&j©-&-r- 
S>0. me (b) ttU>yi^a52 0<7)ffliBB*s?Si±B2 5O 
i|i:^l*I(::*tLTSlt5-=5:-^-^-CS)'9, 06 (c) {iU 

J»^SrS^L-rv%&, zl^mmfSrCM. 06 (c) fcSrr 
J: 3 {- , y -y i^'^ 3 0 i 0 *> V >mS[7'o -y 

e 3 8 3tp\ JiieU -y >''SP3 0 tc, iSttJS 3 5i7)?63tffll* 
3 7t^|fiJ-9TS^-^tfi^&J:3t^i^S^$i^TV^s. cfiK: 
J: -oT . 3 7 *-'^<7)3fe*«. 5^9) AT-S^-r:S-|fi]JC 

JfSiiiiiXT. y -y >''SB3 Offl!l®<7)!^tC?Sttll3 5ic 



fB^*W«I$il«.. tSf*<0E6 (a) tc^rTf^ 

•c-a, 06 (c) mat^'D y ^'JS*^ SttS 

1 5*»^>3SS'*>&:fir[tijl;:i6j-5T::co^8i[ro-yi^JSJ:i5 

1 7 *»<^> cD5tc7)ajlt:e-r«a t b&pi tJrttGt=:3i5*<mi«^ 4>tT. 

il 1 5 \,Zt&\ ^^i,zi5 V -vT . ±^^m^iZ^-:>X L t 
3.06 ( b > T(4. y •yySP2 0<OJS14«2 SjffliOSP 
t»-t:i$V^T. §(Bte«S«2 7*^^>«03fc<03tS&JK«. 06 
(a) t::*5{t.|.SJKfc{4iib^fc^r^=5rV>*<. 06 ( c ) 

i 0 ii:k^ < ^ir-p -c . y -y i^'gp 2 0 mm^ if ttf 

[ 0 0 4 2 ] ifc, 3fs:|ISgJg.®T-{4. ±IB±gPm2 5 
•y FJl 1 0 gAiJS'ttJl 1 O 5tcr6joT5|5£e;3&>'0<?3?W;l^S: 

•5. 

[0043 ] -r^h-h. miifzm-rj: ots::s^ '/^>y:K 

h -y r>i 1 0 7 JiC, ±SPm2 7 y h'Ji 1 0 94= i -5 

r y -y i^*a5^?gfS:-rS t , ±iB_hgPSS 2 ^' 5 -y HJl 1 0 
9i0fi!JSi:J:.-y?^>'^';^h yr«l 0 7cO±ffii:*i#feft 

s-ifir-r . CI <ox. y f - h -y 1 0 7 ±*»o±a{m 

2i?7-y KJil 0 9<?5(g:S-|«!]Miai:. MOCVDST-m 
d!Eyo-y:^'Jil 1 1 Sr^*-t-&ISK, ±ie:3^-y ^V^^X h 
•yriS 1 0 immt . ±l»m2 9 y l O 9<0ffl!l® 
h-Q. Wi^^mz^-iXmW^^^ti^^M,^ . L.tzt)^') 
±ieJl^SII2:?7•y HJll 0 gotBMfcJ^-yf-^-t^^ 
Xh-yT-Jl 1 0 7cO±.Wf:3ti^aSt--5filLB(=:t5V^T. ±. 
iex-y^>-i?'X h >y7-« 1 0 7^S±t=^*-rSi!gft 
t , IMWi 2i5'7-yF«109 c^MSt^^^-rSilSAf: 

2j?9-y KJll 0 9<7)ffl!Mi:x-yf-V^^Xh yr;il 0 
7 i: ?r^r-riOT\ JifB^c y "h^V:^ Y'/T 
m\07^m<^^li. _LSPII2^'7y HSl 0 9Offl! 

ffiSSE7'D>y ^iSl 1 lA^Jg^^ixS. — :Sr, 08 (b) 
<7>fi!5fe«Oi|£««cU— »f SIS<0 J: 3 Ji^x y ^v^^x 
h •yra3 0 a±mii±M^2 9^'y Ym3 0 9{l!l®fc 
*^i^Sr=3r-r^. ieafig.:^mcJJex-7^>'^^;^h >y 
3 0 s^ffis^ftt . ±mm2i^ 5 -y h-S3 0 9<0 

^ff-rs^flgya ^y-^msii i/^mm^tix 3 . ^ i 

mgS[:'*0-y^'Ji3 1 Jia5m2^'7-y KS3 0 

g'iOtA lSflfi6:*<^v^ST-S)&(7)T\ ^SET'n.y^'Jl 

[0044] T . 2|s:3l]ffiJg®T't4. ±§5112 J7 
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1 1 Jtl!5W^V'«3iaeK<OTtc*JV>TfcSI^-ft:-r-5i 

[0045] fi!3fe«0A 1 G a A sSliO^#:U— 1f^S 

C±>V->T, H6 ( a) , (b) . (c) l,z^-tJ:o^V 

A 1 GaAs^CO^f4s^— f^SJia^J&vhSV^CO 

^feMlit^lt-^TjljtiHCSJgyiMN^ V->*>^ , raster 5r*» 
r>t:ib>^Vh&, *3t. 98 0nm#^i:'<7>:SjS;^TI% 

/h$vi<7)T. ^m^wm-^mmzj:h^!!Simiii'-^<x 

0 0 n mijUiTfi6ai*«0^f4sl— -Tilg-Cti. U •/ i'' 

[0046] J^riS. *:||JfiJg®T-l4. U v i^'gP 1 0 9 O 

X^itLXL^O. ^fZ. Xy^^^rXh yTSl 08 
JiGaAsTJ^^LTV^T. I nG aP'^t'COPiriftt 

P*^ifyCyi*«W*fflV>a A 1 G a A s Sr^^fCS 

lifEyo y^Jl$-J^^-rSI^> .ICOA 1 GaAscOiS;:aia 

mx-;h^ 7 0 0—7 5 o'x:mmeowLmizX'}Xx.-y^> 

V •yym^z^^<r>X3mWk^ LT L t 3 tfC^X^i, . ^ 
[0047] i;-/i''gP10 9(i!I®^m»!E7'o-x^' 



#<8oonmj:')'h$v ^ ;^ ^ mmco^Mizim 
[0048] {m2mmm) ms.a. m2msmmco 

U-^m^t. (1 00) ffiSr^-rSn-GaAsS« 
20 lite, n-GaAsVN' y7rJS2 0 2 (0. 5u 
mJ¥) fc. n-A lo. 47Gao. 53 AsTSPI?2 
:?'5>yK«203b (2. n-Al 
0. sGao. 5 AsTSPSSl^^y KJS203a 
(0. 2A£mJ?) i -A 1 o . 35Gao. 65^ 
sTglJje:^^ h'S2 0 4 (5 5 nmJ5) t . #fi2^# 
F:aiSS205i:, i-Alo. 3 5 Ga© . 6 5 As 
±:gB3K;<r^ KJ12 0 6 (5 5nmJ?) i:. P-Al 
o. sGao. 5 AsiSPS^l^'^y h'J1207 (0. 
20^<nifl[) p-GaAsJ:-/f-yi!'Xb.yra2 
08(3 nmJ?) p— AIq. gGaQ. gAsJi 
apm2i'7-y Fa2 0 9 (1. 2//m;i) i: , p-Ga 
As3>'^'^'bJS2 1 0 (0. 7AnnJ») kifi. Mim 
®$nTV^I>Jif5^Sg^#Fai4^2 0 5{4, 2J1<0 

0. 3 5%JBEaiaiI no . 27Gao. 73AS 

o . 5 5 Po. 4 5#FS (8nmJ5) i: , 3ScO- 

1. 4 5%?I5S'9MI no. ogGao. giAs 

0. 4 1 Po. 5 9!^^ (3«Od^^ffll*><^m 

1 . m3^m<mmm<r)Bmi o nm, m2#e{±5 n 

mil) i: *>iS,=5: 0 s ±IE#F« k I^S® t 

[00491 ilfii-y h •yrJ12 0 8±tcEB 

StLTt ±gBII 2 7 -y Kii 2 0 9 (4, X b ^ r«<7) 'J 
•y>''?^^^S:'3:UTV^S. C:cO±&m2^ 7 y Vm2 0 9 
teJ:oT««Stut'; •yi'lgP**. ff;«^:&r6j**«92;um. 
®:6-|6l*>***>2. 5;um<:O^SrWr^. C:<7)±aP^2^ 
^ >y KJl 2 0 9 T^iT) .y f-:^:?^:;?. h .y rJl 2 0 8 izm 

-5. ±ieU ■yv=l»c04i:S-l6]Hffl!ll:f4x n-Al 0. 7G 
aO. 3A smi«8l7'o-y:7JS2 1 1 ( 0-. 6/im 
J?) . n-GaAsSg2mSiE::?'Ov^'a2 1 2 (0. 6 
umW.) . p-GaiAsmif>jh^S2 13 (0. 7Atm 
J^) *tffl*ba,*ixTV^T. CIcolSJKcioT. B&U-y>'' 

^-z>x\'^&, ±Mmimm.yci yi'm2i ii±. jhiE± 

geig2i?5>y He2 0 9-^c03e«OEBtii*^c7)7ta6. CICO 
_h6fm 2 5 -y H® 2 0 9 J: 0 i. /J^$ V ^Sif ^-f i 

oiz. ^^'y]^m2 0 9(7)m^ttmx'oi>Aimmtii' 

:k^\>^mm-CmmLX^^&, ±^p-GaAs3>:J^^' 

>J12 1 0 , ^im^ro-y:^m2 1 1 . m2m^yu 

•y^'il2 1 2, t>J:l^Sab3:;^il2 1 3±lc;{4, p-G 
aAs=5r-fr •yrS2 1 4 (2- 0 ;umfe) 3&<^SJi$i^•C 
V^S. ±iB±a5^2 5 y FJi2 0 9<0ffllffl»4, JgffiS 
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(O^t^U—^ma. ^m^ifil 8 0 n mTfcS . 

[ 0 0 5 0 ] 04 {±, ±m^mi¥\y—fmweomM:m 

[0051 3 i-f, 04 (a) iZ^Xo^Z. n-mS. 
201±CC. miz^ n-yN':/7rJi2 0 2. n-TSPH 
2^5-yHM203b. n-TSP^ 1 ^ 5 >y h'M2 0 3 
a . i -TU^-( HJi 2 0 4 . 2 «cO#F«i: 3 ®«0 
|$g«*-^>^Sa^#FJg14il 2 0 5. i -±g|53fe;<f-f 
KJ1206. p-Jig5ISl:?'7>xKil2 0 7. p-x-y 
■?->'^^j:<.h-y7'e2 0 8, p -JigPS2 ^'9 »/ HJi2 0 
9, p-nv:?^ ^il2 1 OfcSr. ^^mmffiBS^S* 
(MOCVDffi) tc;J:-^T®Jl-rS. Ji^^#FS14 
JS2 0 smS-^S-rSISiOSEffl^afflJKfie 5 0*CtcL 
TV^S. p-3>^';? h®2 1 0±{c:, Xb9 

2 1 SrJgfig-ri. (134 
(a) ) . C:<0^i^;«.h-?X^'2 2 Itt (110) :fj\^ 

izjflH^-zmfS.'th, -tiotk. uz^xh-?xi'22imrr 

^' 7 y HJS 2 O 9 S-n? i -y h JC. .y^yy^-cf^ L 

m^tmm:^m7ii<om^-^ymmzi:h:i:.-/^:^^ 
y •ymi:m^^ft:c-y-f->-!^b<7>ZM.mz^i'txmm 

Jg^ffl V>T . ±le±aPI^2 9 >y H«tO 2 0 9 <7);p;?^:<5- 
|6]03l^4'*T-2:a:.y^>'i!^^^-^S (04 (b) ) . 

^i'v^yfimmmzmtsmii^'i-^. -tie 
xh7-fr^^<'DUi'';:^hTA^co:6"i6i*« ( ii o ) T'J> 
hzbt^h^ MA (b) <os®^=:^^v^•r^s^^efc:l^!I*»o 

•C5l?j£j6^*0Off^S:^-r±aPm2i?^>y b'J120 9OM 

[a<i, (111) B®tc3fiv^ffi:^{ii^:^-r.i>. ±ie±sp 

m2 ^ ^ -7 Ka2 0 9 SrfljiR-rS A 1 G a A s tCfeJt* 

(111) BH{±. x-/f->':?^r^LSIV%STab5iO 
T\ C<^JbSPm2^'7-y H®2 0 9c75jaiffl{i, '^x-yh 

x-y-f-v^^oif^^-s-ioiiiK^-rs. -r^rfc^, Jiss 

|g2r?^-y FM2 0 9£0TO{±, Bliffit=*5l/^Tjgf4® 2 

0 5tcr6l*>-oT*JE*5 0cOft®S:^fr. JilB;^ h 5 7" 
^Ol^v'X hVj:t:?W55-|fiJ3J»» (1-10) -Cfc4«^, 
|g2^7'y x-y^:xj?'tcJ:o-C^$ix 

^t^®-cs>-& (111) Amif^^nx. mimtm 

Il2^'9>y KJ12 0 9S:, x.y^>'^:2. b yr ;i2 0 8 
(c:Ma^-CJii;%^:fr(aitcx>y-?->^*^fr>-r. ir-yi^SPSr 
m-rS (H4 (C) ) . Cico^t. ±gPII2^9 yH 
®2 0 9cOfflIS{4, x.y^>':J^T-^$tl.MIV> ( 1 1 

1 ) BtSrA&cOT. x.y^>'^C0«f14*«S:B*?ixT. 



[00 52] igE<,->TMOCVD&2:fflV%T, ±35112 J? 
9y K®2 0 9<0MfflIt-, n-mi^xyo y^m2i 

1. n-m2m^yoyf'm2i2. p-mif>}L^m2 

1 3 £)lir<J:aJl-r 6 . C t ^ , U y i^'IfBcOitc t , i 

\mt:mo iidlZU=JXh'?Xi!'t:m^L. ±sS.V-yi^ 
Xh7-<r±<0n-|gimB£7'a.y^^2 1 1, n-^ 

2^rD-/^'Ji2 1 2. p-mit>&;^m2i3Tm^ 

-df-v xr®2 1 4$-^®lC«JSLTs 03t:Sr^1«Jt 

mmz^ r>-^^r-yym2i 4±mkms. 

2 0 iTmi>z^^mm^mm.L. r^j^j^cri^^mt. z 
<o^# ^^(Timmm^mmx . ^mss^^s o o *t 

[00531 *SQ©^JBT(4. m 1 msmmkmi^iz. 

V •yi^sicr)m^\t^mmm^. mm<>zii\yxrsmm2 o 5 
i,zfii-oX7tiiA*<r)coi&mzm^i-x^^h. o-y-jsacrm 

mS-JSttJSClPloTJEEffSi:, U -y v-'SSOlBSPiiffiSW 

'J >y i^s&commirWimmmz^h ztizx-ox. ro®** 

ifffiSDIil-Cft&iOt, 'SSa7'o-y^®2 1 liJDU-yi'* 
2 0 5^c!Oi¥3;tji;^«tf^fflSr::^#<-r-l.i:*tc, U-yi^' 

J©S®i:Jt«?Lr. fl;gg:?'n-yiJ'J12 1 1<7)^*^IC. 
x-y^y^^xb-yr«2 0 8±Ti0fea^*:fr|ojfc, U 
•y 5''a5raffiT<Oi|gaiffi^:6-|6l t S-5£-:f»tS b *«r § S 
COT. $ ^> l,Z^^m<7)^t:1ipm-t^ r fc *i-Ct S . 
ZtHZXr>X^ ^^yn-y^m2 1 \(r>^^mzXh^ 

'fk*j§ h\izwmr:% x . istii:hTx-tn-^^mmm.mt: 

^-r^^»i—^mmizx^ ^ . 

[ 0 0 5 4 ] S ^iz^ :^mm&mxit. TSP^ ^ -y H® 
n-T»S2^'5 y Hil20 3bf:n-TeKS51^' 
9<y HJi2 0 3afcc7)2«T^S^LT, ^2 0 HHlc?) 
TgPII2i?^-y KH2 0 3biOSi»f*S-, ^514^205 
m^OTSm 1 ^' 9 >y h'iB 2 0 3 a OJBfff^si 0 fcJSK L, 
TV-iS. 06 (d) {±. ^tsSISfiJ^SOU-yv-'SPiSHtC*} 
.ttS3KcO*^BSr:^R-r:^5S^T-?)S. 06 (d ) tc^fJ: 
^te. JS1tS4 5i'9J8V^fl8tf0TSfll2:77«yH«4 3 
bcoStff^f:, vStt®4 StcifiV-'fflJcOTSB^ l^'yyY 
mA3B.(r)m.mmX*)i>M<-th:Ltl,zX-:>X. 5^EPC 

tnzx-^x . nimi,z>j -y i/gp4 o{ia®T-^o5ti&jS$-$ 

[0 05 5] ®lSlfifiJgJ!SC3av->T. im<r>TSS^^-y 

iz. ^^mmirmLi 0 niits-frsikJtf^-rtgTfta 
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LT L it 3 . 3|sSIJSJ^®-C«5. TSP5E^^ 2 0 4 , 

±M±/f^ Kjs 2 0 6 cojsiisrig 1 mmmmii *)iym.< 

[0056] 3|s^j»^<Oif£^l^— Tilg*: J: -? T . 
SeSjS**^' 7 8 0 n mT. >-j5^yUa*:- 1 6 0m 

[0 0 571 imsmmm) msM. ^^y^<r>fR3m 

^-r -f x^'4 0 1 «cS#a*ft;t7'-:}' &»!;^fii-r*.«0 

flmS-*r-5^*U— mS4 0 2 ^fflV^TV^S . 
[0058] 3|s^SSJgfiS03fc-r ^^STiS, 3K-r 
X^/s.tfOr-rJ'cOStji^^iOSg. if$ia4 0 

0 4 Sr^UT A/4ii^ffi4 0 5T-iS3K^fc«*«i@lff§ 

iS4^«£W'-1>^S4 0 2A>^>■r-:^'Sr-&Jt^^<^3t*^ 
±^SSii;^^^fcl^tM8&S-7^:t'-oT3ex^;^^'4 0 1 

mimma\^>XA o e . x/awmma, b 5*g;t 

t'-AXrU ■y^'4 0 4T^Si^T. Kl^S^Oii 
tT:^lSj;!^K«tMcOifi^T:^|pJ*-^>9 0* 5r^-^idt=^ 
Sn-C, W&3effi**!H9^>'X4 0 7-^3te;$fL. fi-f-SI 

aifflS7e^?4 0 stcASihr-i. . ^<7)m-^^aiffl^3t^ 

^4 0 8 t;rAM L/i U— 9'3^ic05SSItc**lE , 

e84 0 9T7t<nm^\>zn^-^ixh, 

[0059] 2|s^SSJg®<03t-r S!* J: 0 

t]SV^3fcaj:J3'Tttf^&i|^fl:U-ifiia4 O 2 

S<?)T, -r-f ^^^4 0 l<O[Hl^S:fi!*J;0fcl«M-ft;L 
■CtT-:J'«0S!^g#*^^tgi:'5:-^Jt. tJi-^T. mzc 

< -C^ -C, J: OttiS^riS^eS-^SSC-r X^'^g*! 

[0060] 2|s^S£J^SS<03tx X:?^a-C{4, lH 
J6»!Bfcig«<Wltt:U'— !fSIS4 0 2 S-fflV%fc*«. m 
2IHfiJgffit |Sl«<Oiii^ftV— 9^a?rfflV^T t> J: < , 
iJt. ^ft:U-if^a{4, 7S0nin«O%3tai;glc: 



[00611 *%HJiO^«£W— rSlffiSrfflV^ 

[0062] ±IE3tr^x^'ilSI4. je-r-fX^' 

[00631 ±IBI5StJg5SlC*JV^T. if^ftP- 

if^acOvSttiili, I n G a A s P Jil^hOG a A s P . 
I nOaAs. HiiX/l nGaP^firt'Sr^V^Tt J:V^. 
[00641 

^u-^mm^zxtiit. m i mmm<7)T^i' ^ -y h« 
m^^tihsiimt. A 1 ^■^tf«iB*-^.5roxh9-f 

±gB^ 7 -y b'Jlt , ±§m2m'mm<7y±^^ 7 y KJ1<55 

u 'y>'Sieom:fj\^mmi>zmifii>ti. a 1 ^^tj«-«*»^> 
^tsm 1 m^<r>^yo y t irmmm lt^ 

») . ±iEA 1 i:iStsm2mmMco±U:^ y -y HJffiU -y 
^^f63tlf^-&tcJ:-:.T^Pg*>'il:.^VMr4,jajf>-f. U -y 

^m/^wMv^x. ^niKS&cotc^^mmf^-yi^mim 
UJt:*s-?T. ^<^^Mk. s^^mti^mx: 

[00651 lUfifeJgMO^^frU— TiiaiC ittJf, 
JiieS2aS«M«0±SP^'5 «y KJl£OU y i^'ISa. BfffitC 

<T#, i/t. ±^'&m:/u yifmt:'j^*j:\^xmvm^ 

[00661 1 ||fifiJ^S<!Oi|i^U-iflgatC iWf , 

±sdm2m^m<n±.^7'y'yYm<7i^x-yi^mt. mf;^ 

t.:^&<9 00nmJ:Ot''hSV>«OT, i^^'C^fim^— 

tctfts^.'f. 'J •yi^w>tfiimmiz^'^x^fK<m^i:^ 
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[0067] immmcrm^mwi^—^mmirzitus. 

±MmmiG a A s "7 . JbJBvSttiSti I n G a A 

sP^Wm^-^^O, JiieS2 75-/HJS<±Al xGa 

1-xAs (x>0. 4 5) *»«i,^r'?. ±^t^:/o.y 
^JitiA 1 yGa 1 -yAs {y>x) !&><?>^:^iOT. 
I nGaAsPiK«3|Sfd»<^=3:SiSt£;i5r*LTSSai:J3r 
**i=ti*l<?>-^. AlxGal-xAs (x>0. 4 
5 ) *^^>^§±iem2^7 y Kiifc. A 1 yGa 1 -y 
As (y>x) i>^h^j:h±Mi'm^yx=>^y^mbco^-iti: 

[00683 1 mtmmizmt&<7>¥^t^u-^mm.ir^^ 

m 2 ^«S<o_h»^ 9 •/ ±IBa: «x ^>'^^;^ h •/ 

TMiz J: o T , ±i2J£14Jit=jfiV JigUm 1 9 y H 

(r> U y i^*SPi&fl!fi&-rS-hapm 2 ^' 7 -y KJSk t=[BT ^.fL 

Tm^<7}m^izmmr'^ . ±Mth^m 2 5 -y k 
[0069] immBm<7)^mi^^—fmMtzxtni, 

±aXyf'>'^^;«.h yrJg«GaAs*»ii,^r&<0*C, -h 
151^2 <y H®cOU •/i^WSrm-T^IStcCTJCtfSKH 

»filS^^T#S.- 
[ O 0 7 0 3 1 mmmm<7>^^mii^\y—rmmlzxtnt. 

[ 0 0 7 1 J 1 mtmm.<7)^mmu-^^fnzj:tiii. 

^mMifil 6 0 nm J: 0 tiz^ < 8 0 0 nmi 0 t/h 

$V^<7)T. 1 4 OmWJiLt.O::*:ai:^Jl;:*3V^r tft 



[0072] l|IS6Jg®c03t-f ■< X^-SIEtc ifLtf . ± 

[0ffi<Ofi#5riftHB3 

[ S 1 3 HI HSftJ^SSeo^^U— 

[02] S2 (a) , (b). (c ) {±, ^IHJSJB 

[03] m23Bifijg®<02|^*U— 9^as-^r^^T 

[041 04(a). (b). (c) tt. m2ll5fiJI5 

[05] H 3 5US?^Sc7)3t7' -f X ^® iSr S^-r0T'S> 

[06] 06(a), (b), (c), (d){±, U 

[07] 07(a), (b) {4, .ia!3fW54^«cU— 
Sai&S^t-0T'S>i.. 

[081 08 (a) , (b) figSfWOffeO^t^WcU 

[^g^ioijiH^] 

101 n— GaAs^K 

102 n — G a A s ^<'77tJ1 

103 n-Alo. sGao. 5 A sTSPi^^ >y 

104 i -A 1 0 . sGao. 7 A s TSP5fe;<f >f HJi 
10 5 ^M^#F?geJS 

106 i-Alo. sGao. i As±M^-i 

107 p-AIq. sGao. 5 A s JiSSSg 1 9 y 
YM 

108 p-GaAsa:y^>'^^Xh-y7'Jl 

109 p-Alo. sGao. 5 A siS5ll2 ^' 7 y 

110 p-GaAs3>'^'7h;i 

111 n-AlO. 7GaO. 3 A s ^ 1 ^SST'a y 

9m 

11.2 n-GaAsm2^8i[7"a>y:7Jl 
113 p-GaAsa«>a;?«.JB 



(ai))03-133644 {P2 0 0 3-13JL8 



[HI] [122] 




(a 2) )03-l 33644 (P2 0 0 3-13JL8 





(a 3) )03-133644 (P2 0 0 3~13JL8 




F:J?— 5D119 AA33 BAOl BBOl BB05 FA05 
FA17 

^789 AA33 BAOl BBOl BB05 FA05 
FA17 

5F073 AA13 AA45 AA53 AA74 BA05 
CA13 CA17 DA05 DA23 DA35 
EA24 EA28 



